Aims: To provide a comprehensive description of young infant admissions to a first referral level health facility in Kenya. These data, currently lacking, are important given present efforts to standardise their care through the integrated management of childhood illness (IMCI) and for prioritising both health care provision and disease prevention strategies. Methods: Prospective, 18 month observational study in a Kenyan district hospital of all admissions less than 3 months of age to the paediatric ward. Results: A total of 1080 infants were studied. Mortality was 18% overall, though in those aged 0-7 days it was 34%. Within two months of discharge a further 5% of infants aged <60 days on admission had died. Severe infection and prematurity together accounted for 57% of inpatient deaths in those aged <60 days, while jaundice and tetanus accounted for another 27%. S pneumoniae, group B streptococcus, E coli, and Klebsiella spp. were the most common causes of invasive bacterial disease. Hypoxaemia, hypoglycaemia, and an inability to feed were each present in more than 20% of infants aged 0-7 days. Both hypoxaemia and the inability to feed were associated with inpatient death (OR 3.8 (95% CI 2.5 to 5.8) and 7.4 (95% CI 4.8 to 11.2) respectively). Conclusions: Young infants contribute substantially to paediatric inpatient mortality at the first referral level, highlighting the need both for basic supportive care facilities and improved disease prevention strategies.
I t is likely that over 5 million deaths occur annually in developing countries in children during their first few months of life.
1 In Africa it has been hard to establish the cause of these deaths at the community level where the majority take place. 2 3 Sub-Saharan African hospital based data are either from tertiary referral centres, fail to distinguish perinatal mortality, or report outcome from particular disorders only. [4] [5] [6] [7] What data are available suggest that birth asphyxia and severe prematurity are likely to be major causes of death in the first week of life while serious bacterial infections are responsible for a greater proportion of mortality as infancy progresses. [8] [9] [10] [11] However, the current lack of data makes it unclear what impact serious illness in young infants has on first referral level health facilities where the majority of inpatient care in Africa is provided.
We have therefore investigated the cause and outcome of admission for infants aged less than 3 months of age to a Kenyan district hospital: firstly to furnish service providers with data on the problems posed by caring for young infants; secondly to include the population of sick infants (those less than 60 days) that will need to be identified by the new integrated management of childhood illness (IMCI) algorithms 12 ; and thirdly to ascertain whether results of a multicentre study based largely in urban or referral hospitals on the aetiology of severe infectious disease 13 can reliably be generalised to rural African settings.
METHODS
The study was undertaken at Kilifi District Hospital on the Kenyan Coast between November 1999 and April 2001. The hospital is the main district level government inpatient facility and the majority of admissions come from a population of approximately 200 000 people living within 30 km of the hospital. Most of the adult population are subsistence farmers with families living in scattered rural homesteads. Malaria transmission occurs throughout the year with seasonal peaks in May-August and December-January following the rainy seasons. The background HIV seroprevalence is estimated to be 11% in the township surrounding the hospital and 9% in rural antenatal attendees. 14 Although approximately 1800 births a year occur in the hospital, most births (over 70%) in the district take place at home and thus most sick infants are admitted directly from the community. Recent, provincial, community based estimates suggest neonatal and under 5 mortality rates of approximately 30 and 111 per 1000 live births respectively. 15 Sick infants brought from home were seen in the outpatient facility by government clinical officers who decided on the need for admission. Once admitted all infants less than 3 months of age were seen by a clinical member of the research staff (24 hour cover was provided) and a standardised proforma was completed detailing symptoms and signs at presentation. Examination included pulse oximetry (Nellcor, USA) with a measured oxygen saturation <90% regarded as indicative of hypoxaemia. Sick infants on the maternity unit were seen by the research staff and assessed. Those with mild illness (requiring oral or topical treatment or simply feeding assistance) were managed on the maternity ward. Infants with more serious illness were admitted to the paediatric ward; they were enrolled in the study and completed the same procedures as those admitted from home. On admission the study was explained to the parents of eligible infants in their local language by a trained project assistant and consent for inclusion was sought. Approval for the study was obtained from the national Kenyan Ethical Committee.
Sick infants were routinely investigated according to a standard protocol with a full blood count (Coulter Electronics), blood culture (Bactec 9050, Beckton Dickinson), plasma electrolytes, creatinine (Beckman Instruments), rapid plasma reagin (RPR, Murex), and glucose (Analox Instruments, UK). Total serum bilirubin was measured in all visibly jaundiced infants. Lumbar puncture was performed as part of the routine "septic screen" in all neonatal admissions with suspected sepsis and otherwise according to locally agreed clinical criteria based on those used in the WHO multicentre study of young infants. 13 Portable chest radiography was not available during the study and it was not possible to obtain a chest x ray in the evening, at night, or at the weekend. The scale of this observational study meant it was not possible to routinely test infants for HIV infection. Interventions available included oxygen, antibiotics, intravenous fluids (not parenteral nutrition), nasogastric feeding of expressed breast milk, phototherapy, and exchange transfusion. During the study an incubator was not routinely available. Empiric management of suspected severe infection was with gentamicin and either benzylpenicillin, ampicillin, or cloxacillin, the latter choice being at the discretion of the admitting clinician. For eight months of the study period a randomised trial of multidose and once daily dosing of gentamicin in young infants was conducted (reported elsewhere).
The clinical care during admission was supervised by a consultant paediatrician (ME) who was also responsible for gestational age assessment 16 and assigning the final diagnosis at the end of the admission after review of the case notes and the results of all pertinent investigations. Determining the precise diagnosis in young infants is problematic and dual pathology is likely, particularly in the first week of life. Thus severe illness in a premature infant may be due entirely to immaturity (for example, the de novo development of respiratory distress) or secondary to infection to which they are predisposed on account of their immaturity. The final diagnosis assigned represents an experienced paediatrician's view of the most probable primary pathological event on which secondary pathological events might be superimposed. All infants aged less than 2 months (the target population of IMCI young infant algorithms) were invited back for a single follow up appointment 1-2 months after discharge. At follow up carers were asked about continuing problems and the infants were examined to detect gross neurological deficits. Those not attending follow up who lived within 30 km of the hospital were visited at home to establish whether the child was still alive.
Data collected throughout the study were double entered and verified using Foxpro 2.1, inconsistencies in the datasets being resolved by further examination of all available records. Data are presented as frequencies, means, and medians with 95% confidence intervals (CI) and interquartile ranges (IQR) respectively. Mantel-Haentzel odds ratios (OR), age adjusted where appropriate, were calculated to explore associations with defined outcomes, and logistic regression was used to investigate for clinical features independently associated with the presence of invasive bacterial disease. Analyses were performed using STATA 6 (Stata Corporation, USA).
RESULTS
During the study period 1080 infants less than 3 months of age (58% male) were admitted and 190 (18%) died in hospital. These children represented 14% of all paediatric admissions and 37% of paediatric deaths during this time period. Only 5% of the cohort were admitted directly from the maternity unit, the remainder being admitted from home through the outpatient department. Almost half of the mothers of admitted infants had received no primary education, 45% had to walk for at least 30 minutes to reach a place from where transport to the hospital might be found, only 15% could be described as residents of the town in which the hospital was situated, and in 65% of cases the infant's delivery was attended by either a relative, a friend or no one.
Mortality and morbidity
Accepting the inherent limitations in the diagnostic process, the observed cause specific patterns of admissions and mortality are presented in tables 1 and 2. Different disease patterns and case fatality rates mean that overall mortality varies considerably across age groups, being 34% in those aged 0-7 days, 10% in those aged 8-30 days, 3% in those aged 31-60 days, and 6% in those aged 61-90 days. Of 700 infants aged less than 2 months discharged alive, 55 (8%) were excluded from follow up because their illness was considered mild or because of a large distance from the hospital. Of the remainder, 536/645 (83%) were successfully followed. Among those followed up, 30 had died at home after discharge and 48 had severe continuing problems (using the conservative denominator of 645 this gives proportions of 5% and 7% respectively).
Of children dying at home, 12 (40%) had been admitted with a severe infection (of any type), five (17%) with congenital abnormalities, three (10%) with prematurity, and two (7%) with tetanus. Weight <2 kg was associated with an odds ratio of 3.1 (95% CI 1.3 to 7.3, p = 0.007) for death after discharge in those without congenital abnormalities. Persistent serious problems at follow up included gross neurological sequelae (n = 7), convulsions (n = 6), continued feeding difficulty with very poor weight gain (n = 6), symptomatic heart disease (n = 7), and major congenital abnormalities (n = 19).
Infectious diseases
Presumed serious infections were the commonest cause of admission among infants <2 months of age (table 2) , and in the third month of life infectious diseases were responsible for more than 75% of admission episodes (table 1) . No cases of malaria (congenital malaria) were observed in the first one month of life. In the majority of cases it was not possible to identify a focus of infection. However, clinicians felt more confident distinguishing pneumonia from other infections in infants older than 1 month. Among children diagnosed as having pneumonia, 44/133 (33%) had evidence of either lobar (18%) or patchy (15%) consolidation on chest x ray. Chest x rays in infants with non-specific severe infection but clinical signs compatible with pneumonia were less likely to have consolidation on chest x ray (8/93, 9%). Consolidation on chest x ray was not significantly associated with bacteraemia but was associated with the presence of hypoxaemia (OR 5.6, 95% CI 2.9 to 11.0). Neonatal tetanus is easily distinguished clinically from other infections in early infancy and so these cases are enumerated separately. There were no characteristic cases of congenital syphillis admitted during the study period, but infants were screened to examine this possibility. Sample volumes were sufficient for RPR assay in 786 (73%) infants. Of these, 11 (1.4%) were strongly positive (titre >1/8) and 28 (3.6%) weakly positive (titre <1/8). The presence of a positive or strongly positive RPR was not significantly associated with a specific age group, clinical presentation, or outcome. Four of these 11 infants presented with non-specific features of severe infection, two with features of birth asphyxia, two with congenital abnormalities, two with anaemia, and one with severe skin sepsis. Table 3 details the organisms isolated from either blood or cerebrospinal fluid (CSF) taken on admission in young infants. Staphylococcus epidermidis and acinetobacter species †Prematurity includes children admitted up to the age of 30 days for whom their immaturity was considered the major problem. ‡Pneumonia includes children for whom the clinician felt able to make a firm clinical diagnosis of pneumonia rather than the less specific "severe infection". A positive blood culture (that encompasses most cases of culture proven meningitis) was associated with an odds ratio of 3.0 (95% CI 1.8 to 4.8) for death. Table 4 shows odds ratios from univariate analysis for clinical features that might predict the presence of invasive bacterial disease (positive CSF or blood culture). In a logistic regression model that included age (in four categories) constructed to examine the independent effects of these variables, only the presence of a bulging fontanelle remained significantly associated with the presence of bacteraemia (OR 4.9, 95% CI 1.5 to 16.7, p = 0.01). However, the sensitivity of a bulging fontanelle for detecting bacteraemia was only 12%, with specificity 98% and positive predictive value 38%. Even for bacteriologically proven or clinically defined meningitis only 3/12 (25%) and 9/28 (32%) infants had a bulging fontanelle. Signs of pneumonia, jaundice, presence of fever, the inability to cry, or the presence of apnoea were not significantly associated with documented invasive bacterial disease. (The antibiotic sensitivity of organisms responsible for invasive disease will be described elsewhere.) Prematurity Infants in this group accounted for 11% of admissions, but 28% of deaths in those under 2 months of age. Although 18% of all admissions less than 3 months of age were <2.0 kg, only 58% of these infants admitted in the first week of life were assigned a primary diagnosis of prematurity. Among children with a principal diagnosis of prematurity (n = 102), 15% weighed <1.0 kg while 28%, 31%, 16%, and 9% weighed 1.0-1.25 kg, >1.25 to <1.50 kg, >1.50 to <1.75 kg, and >1.75 to <2.0 kg respectively. Eight infants who were not thought to be premature presented with clinical and radiological features most consistent with a problem in the transient tachypnoea/ respiratory distress syndrome spectrum.
Neonatal jaundice
Neonatal jaundice was associated with a high mortality in the first week of life (tables 1 and 2). Of the 87 infants admitted with jaundice as a primary problem, 23 received an exchange transfusion, seven (30%) of whom died. The median bilirubin in the exchange transfusion group was 750 µmol/l (IQR 512 to 769 µmol/l). The 10 further infants who died with severe jaundice all had bilirubin values >560 µmol/l; neurological deficits at presentation precluded exchange transfusion. However, seven further exchange transfusions were performed among children with severe infection and jaundice. Phototherapy was clearly indicated in 61 children during the study period.
Problems associated with severe illness Table 5 presents the additional problems encountered at presentation in the management of infants in the first three months of life and their association with mortality, adjusted for age category. The high prevalence of problems requiring general supportive care, including hypoglycaemia, the inability to feed, and hypoxaemia, particularly in those admitted in the first week of life, show the demands placed on limited resources by sick young infants.
DISCUSSION
Although infants in the first three months of life comprise a relatively small proportion of admissions, they contribute disproportionately to inpatient paediatric mortality. Indeed 29% of inpatient paediatric deaths occurred in children in the first week of life. In part this high mortality may be explained by the contribution of very low birthweight infants (<1.5 kg), presentation to the hospital in advanced states of illness, and the difficulties of sustaining even appropriate, basic levels of supportive care with limited personnel and resources in a setting designed to cope with less than half the number of admissions than are actually received. As well as this high inpatient mortality it seems that at least 1 in 10 infants less than 2 months old who are discharged alive either die within two months of their admission or have severe, persistent problems. One of the possible limitations of this study was the inability to assess the impact of HIV status on the observed mortality and morbidity in this age group. However, in a large community based study, maternal HIV infection did not increase the risk of neonatal death, 17 and in a study of the natural history of disease attributable to HIV infection in Rwanda the major impact of this infection appeared only after the early infant period.
18 Therefore, while it is possible that absence of this data means the "cause" of death or illness is misclassified in some cases, we feel the spectrum of disease presented here is likely to be representative of that in district hospitals in many areas of Africa with a similar background prevalence of HIV infection (∼10% 14 )
. There are problems in assigning a single diagnosis to sick infants, particularly where facilities for investigation are limited. While accepting that some misclassification is inevitable in our study, we believe our data provide valuable insight into the clinical challenge of caring for sick young infants faced by African district hospitals. Our findings show that prematurity and infection (which may act synergistically in many cases) are likely to be the major causes of death in such hospitals, findings in broad agreement with other recently published data from a similar type of facility in Papua New Guinea. 19 However, in contrast to the findings from Papua New Guinea, congenital syphilis did not appear to be a major cause of disease in early infancy, while jaundice and neonatal tetanus were moderately common. Birth asphyxia is a less common problem in our setting than might be anticipated from community based studies or reports from large urban hospitals. This is probably because of the high prevalence of home births and the likelihood that many asphyxiated infants die before hospital admission is possible. Even so these five conditions together comprise almost 80% of young infant admissions and should clearly be the target population for IMCI algorithms. Importantly our data show the obvious need for greater attention to illness in the first week of life. To date IMCI algorithms for use in this age group have been subject to little formal evaluation.
Perhaps the surprising finding of our study was the importance of an apparent primary diagnosis of neonatal jaundice as a cause of both admission and death (we classified infants as having severe infection if there were clinical features to support this diagnosis, even if they were jaundiced). Without better investigative facilities it is difficult to be certain of the cause of the jaundice. However, those infants assigned this primary diagnosis in general shared the following features: jaundice due almost exclusively to an unconjugated hyperbilirubinaemia, onset of jaundice described by the mother as the first symptom, lack of clinical indicators of associated severe infection, and age consistent with either haemolytic disease or physiological jaundice exacerbated by either feeding difficulty or mild infection. The high mortality occurred despite our ability to offer phototherapy and exchange transfusion (the latter undertaken if jaundice was very severe, haemolysis was considered a possible cause, and if there was not already obvious neurological impairment). However, in many cases (as evidenced by the very high bilirubin concentrations at presentation), children were already severely affected by the time they were hospitalised, many already having frank kernicterus. While conducting an exchange transfusion is an unreasonable expectation of a typical rural district hospital, providing phototherapy should be considered a priority and be combined with better education of mothers and health workers about the dangers of neonatal jaundice. The ability to provide other forms of simple supportive care (oxygen, the assessment and management of hypoglycaemia, the feeding of sick infants, and infant warming) is also clearly a critical issue for this hospital and more widely, reinforced by some evidence of their effect at improving outcome at this level. 20 Until the publication of the WHO sponsored multicentre study in young infants, 13 there was little data from Africa on the aetiology of community acquired invasive bacterial disease in early infancy. Our data on bacterial isolates are in broad agreement with the findings of this multicentre study, with the notable exceptions of the prominent role played by group B streptococcal infection and the small number of isolates of salmonella species (n = 2) despite this being a very common pathogen in older children in our hospital (Berkley, submitted). The high prevalence of group B streptococcal infections did not seem to be explained by the inclusion of very sick infants admitted from the hospital's maternity ward as the prevalence of this infection was the same among admissions from the community. Our findings are however in keeping with the heterogeneity of reports on the prevalence of group B streptococcal disease within Africa. 4 7 21 22 Importantly our data confirm the standing of Streptococcus pneumoniae as a major pathogen in young infants, even in the first month of life. Thus our data support the suggestion that maternal vaccination for S pneumoniae, group B streptococci, or both may be worth consideration, 23 although our data do not suggest these interventions would result in major reductions in neonatal mortality. Furthermore, the effectiveness of maternal vaccination may be reduced by impaired materno-fetal antibody transfer seen in malaria endemic areas, 24 and by deficiencies in the vaccine delivery mechanism. Evidence for the latter can be seen in the persistent, major contribution to early infant mortality made by neonatal tetanus in our setting despite an active government programme of maternal, antenatal tetanus toxoid immunisation. Furthermore, it is possible that non-specific interventions that are at least as practical, or community based management, may have as significant an effect as more sophisticated intervention programmes.
The first months of life are a vulnerable time. Despite the fact that under-reporting of perinatal and neonatal deaths is likely, deaths in this age group often account for more than half of all infant deaths. Even though the majority of these deaths occur in the community, sick young infants brought for care form a significant part of the workload of rural African district hospitals. Evidence, particularly cost effectiveness data, to support policy decisions over health interventions in this age group is often lacking, while some of the data that are available, such as the lack of effectiveness of routine growth monitoring, 25 have not affected policy. Our data show that the provision of an environment suitable for care of sick young infants and adequate provision for simple supportive care (including targeted follow up of high risk groups such as those <2 kg) should be considered priorities in strategic thinking about the services and skills required at the first referral level. Examining the impact of an essential package of care in Africa, as has been done in Papua New Guinea, 20 would be of great interest. Although hospital based, our data also suggest that strategies to tackle the problem of premature birth and to prevent or treat infection may be of great benefit. In the case of infection the value of maternal immunisation should be considered alongside the possible value of community based diagnosis and care, 26 improved case management (IMCI), 12 and improved umbilical cord care, 27 among other interventions. Evidence from large, pragmatic intervention trials would be of most value.
